Abstract: A convenient synthesis of fourteen 4-methyl-and 4-phenylseleno-1,1,1-trihalo-3-alken-2-ones [CX 3 C(O)CH=CR 1 SeR, where X = F, Cl; R = Me, Ph; and R 1 = H, alkyl, aryl] from the reaction of the corresponding 4-methoxy-1,1,1-trihalo-3-alken-2-ones with methyl-or phenylselenols in the presence of boron trifluoride etherate is reported. The reaction of 4-methylseleno-1,1,1-trihalo-3-alken-2-ones with bromine and ammonia lead to 3-trihalomethylisoselenazoles in good yields. The usefulness of the trichloromethyl group as a carboxyl group precursor was demonstrated by the conversion of 5-ethyl-3-trichloromethylisoselenazole to 5-ethyl-3-carboxyisoselenazole acid.
Organoselenium compounds are useful intermediates in organic synthesis. [1] [2] [3] [4] The reactivity of the organoselenium compounds is mainly associated with the ability of selenium to stabilize adjacent positive and negative charges, as well as with the ease of selenides to undergo oxidation to selenoxides with subsequent facile selenoxide syn-elimination. The development of general and efficient methods for large-scale preparation of important substrates such as alkyl-and arylselenovinyl ketones (or aldehydes) has been the subject of increasing interest. These intermediates have been used as potential precursors for a variety of substituted five-membered heterocyclic compounds, e.g., isoselenazoles and 1,2-benzoselenazoles. 5 The synthesis of b-methylselenovinyl ketones from the substitution of b-halovinyl ketones with methylselenol, has been reported in the literature. 5 Homoallyl alcohol has been transformed to the corresponding methyl-or phenylselenyl compounds from the reaction of the corresponding selenol in the presence of boron trifluoride etherate. 6 b-Phenylseleno a,b-unsaturated cycloalkanones have also been obtained from the reaction of b-halocycloalkenones with nucleophilic selenium reagents. [7] [8] [9] As a part of our research program, we developed a general synthesis of 4-methoxy-1,1,1-trihalo-3-alken-2-ones 10, 11 and their usefulness in heterocyclic preparations has been shown. 10, [12] [13] [14] The transformation of the trichloromethyl group under mild conditions 14 into carboxylic groups prompted us to devote special attention to these substrates. The aim of this work is to report the synthesis of 4-methyl-and 4-phenylseleno-1,1,1-trihalo-3-alken-2-ones 2a-n from the reaction of the corresponding 4-methoxy-1,1,1-trihalo-3-alken-2-ones 1a-n with selenium nucleophiles in the presence of boron trifluoride etherate (Scheme 1).
The advantage of our methodology if compared with the literature methods is the facile access to several substrate structures and the preparation of trihalomethyl containing compounds. The reaction of 4-methylseleno-1,1,1-trihalo-3-alken-2-ones 2g,i,k-n with bromine and ammonia lead to 3-trihalomethylisoselenazoles 3g,i,k-n as presented in Scheme 1.
The 4-methoxy-1,1,1-trihalo-3-alken-2-ones 1a-n were synthesized from the reaction of the proper enol ether or acetal with trifluoroacetic anhydride or trichloroacetyl chloride. 10, 11 The reactions of compounds 1 with methyl-and phenylselenol were carried out at room temperature using equimolar amount of the reagents and boron trifluoride etherate in dichloromethane. However, in the reactions of compounds 1c,i-m 1.5 equivalents of boron trifluoride etherate were necessary. The reaction of compounds 1b,c,fh,j-n with methyl-and phenylselenols led regiospecifically to the products 2 with Z-configuration and the reaction of compounds 1a,d,e,i with selenols furnished a mixture of compounds 2Z and 2E in a molar ratio of approximately 3: 1, respectively (see Table 1 ). In order to show the usefulness of compounds 2 to obtain isoselenazoles 3, we performed cyclo-condensation of 2g,i,k-n according with methodology developed by Weber et. al., 5 where compounds 2 react with bromine in dichloromethane at -70°C and, in a second step, at the same temperature, an excess of ammonia is bubbled in the mixture (Scheme 1).
Finally, considering the importance of isoselenazolecarboxylic acids 15 and according with methodology developed in our laboratory 14 to obtain carboxyalkylisoxazoles and carboxyalkylpyrazoles from trichloromethylazoles, we show the synthesis of compound 4k from the compound 3k in good yield (Scheme 2). The reaction was carried out in 96% sulfuric acid (acid-selenoisoxazole; 3:1) in water at room temperature for 24 hours.
Unless otherwise indicated all common reagents and solvents were used as obtained from commercial suppliers without further purification. All mps were determined on a Reichert Thermovar apparatus. Selected physical and spectral data are presented in Tables 1  and 2 . 
4-Methyl-and 4-Phenylseleno-1,1,1-trihalo-3-alken-2-ones 2a-n; General Procedure
To a stirred solution of 4-methoxy-1,1,1-trihalomethyl-4-methoxy-3-alken-2-ones 1a-n (10 mmol), methyl-or phenylselenol (10 mmol) in CH 2 Cl 2 (10 mL), at 20°C and under nitrogen atmosphere, BF 3 ×OEt 2 (10 mmol, 15 mmol for compounds 1c,i,j-m) was added dropwise. The mixture was stirred for 1.5 h at r.t., then the mixture was washed with aq Na 2 CO 3 (5%; 2 ´ 10 mL) and H 2 O (2 ´ 10 mL).
The organic phase was dried (Na 2 SO 4 ) and the solvent was removed. The products 2a,b,d were recrystallized from hexaneEtOAc and the products 2c,e-n were purified by column chromatography (silica gel 70-230 mesh; hexane-CHCl 3 , 1:1). Yields, selected physical and spectral data are presented in Table 1 . a Yields are of isolated compounds and refers to a mixture of Z and E isomers. 
3-Trihalomethylisoselenazoles 3g,i,k-n; General Procedure
A three-necked flask containing a solution of 4-methylseleno-1,1,1-trihalo-3-alken-2-ones 2g,i,k-n (5 mmol) in CH 2 Cl 2 (20 mL) was cooled to -70°C. Bromine (5 mmol) in CH 2 Cl 2 (10 mL) was added dropwise to this stirred solution. After a few minutes, an excess of ammonia was bubbled in the mixture, which was then allowed to reach r.t.. H 2 O (50 ml) was added, and the organic phase separated and dried (MgSO 4 ). Products 3g,i,k-n were obtained after distilling off the solvent and separation by chromatographic column (silica gel; cyclohexane-EtOAc). Yields, selected physical and spectral data are presented in Table 2 .
5-Ethyl-3-carboxyisoselenazole Acid (4k)
To a stirred solution of 5-ethyl-3-trichloromethylisoselenazole (3k) (5 mmol), a solution of H 2 SO 4 (96%; 1.47 g, 15 mmol) and H 2 O (0.8 mL) (1:1 v/v) at r.t. was added. The mixture was refluxed for 24 h and then extracted with CHCl 3 . The organic phase was then washed with H 2 O (3 ´ 10 mL) and aq Na 2 CO 3 (5%; 1 ´ 10 mL). The organic phase was dried (Na 2 SO 4 ) and the solvent was removed on a rotary evaporator. After evaporation of the solvent, the product 4k was recrystallized from cyclohexane. Yields, selected physical and spectral data are presented in Table 2 . 
